The question raised by the panel is how much testing should be included in a VLSI Design course and what makes a "well-rounded" electrical and computer engineering graduate. The fact that we had to have a National Science Foundation workshop and now an ITC panel to discuss how to incorporate test in a design course shows that the disconnect between design and test happens not only in industry but also in academia as well. The fact that the panel considers test in conjunction with VLSI design seems to imply that test is important only in the VLSI design context. How did we get to this sorry state? Can we do better and look at test as an integral part of electronic design, instead of narrowing the focus to just VLSI? At the University of Washington, we have shown that by taking a more global perspective, we can actually teach test, teach it very well, attract interested and well-motivated students, and build a new generation of students knowledgeable in both design and test.
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How is this done? Not by creating test-only courses (nobody would take them), not by forcing a drastic reduction of design topics, and not by increasing curriculum requirements to teach test (no resources to do so). As a first step, we can incorporate test techniques by the simple act of reconsidering the laboratories associated with design courses. Remember the laboratory experiments you did as a student? One example of a laboratory description looks like this: What's wrong with this type of experiments? It is boring and does not challenge students to think. They just build boards or FPGAs based on the lab description, measure some signals, write up the lab reports and as a consequence, think of test as boring and nothing but a confirmation of what they already know by design and simulation. This type of experiments, unfortunately quite common in undergraduate laboratories, fails to motivate students. Yet test can be taught quite effectively in the context of these experiments and can excite students to think of the fundamental issues in test: how to extract information from a circuit so that yield, quality, performance or manufacturing processes can be improved. We describe one example of a simple experiment, in which different test concepts are taught in the laboratory of an introductory circuit course.
The laboratory asks students to build an RC circuit and measures its rise time, fall time, and delay time using a square wave input. Students then build 2, 3, 5, and 10 of these RC-sections in series, and using the measured data, are challenged to come up with an estimate of interconnect delay if a wire is modeled as n RC sections. This model can be compared with industry-published data on interconnect delays. So far, only design and modeling are incorporated in this experiment. Now we ask questions that make students think about test:
1. Without access to the circuit input or output, if only a few points along the n-section RC circuit (say 2 points) can be measured, which 2 points are "best" points to measure to extract the total wire delay? How is the extraction done after the signals at these 2 points are measured? This question relates to test point selection and information extraction.
2. Since it takes time to measure more points and extract information, what is the optimal number of points to measure to get a good delay estimate and keep the experiment time low? This question relates to test cost in terms of test time, which students understand very well. Different student groups come up with different answers, which leads to a class discussion on test cost as part of the experiment.
3. How would a short or open be detected along this interconnect? How many measurements are required? This question leads to a discussion of manufacturing defects and techniques to test and diagnose for these common defects.
We have re-written all the experiments in this course to introduce test concepts and so far student reception has been enthusiastic. Experiments in other analog and digital design courses are being re-written using the same philosophy.
We can teach test and design simultaneously and effectively from the very early stage of electrical and computer engineering curriculum. To wait till the VLSI design course is too late to cram in test materials. It takes work to re-write experiments, but if we may paraphrase Thomas Edison, "teaching design and test is 1% inspiration and 99% perspiration."
